INTRODUCTION
The long-term aim of each country is to reduce the amount of waste generated and to promote it as a resource and achieve higher levels of recycling and the safe disposal of waste. In order to improve the resource efficiency, each country has to reduce the environmental and health impacts of waste. This paper goes in-depth into one important area of sustainability -resource efficiency reflected in Domestic Material Consumption (DMC) indicator.
The analysis in this paper targets different potential scenarios, which are of relevance for efficient use of resources In Montenegro. Official development documents, Statistical office of Montenegro, Customs Administration and Department of Public Revenues data (Ministarstvo poljoprivrede, šumarstva i vodoprivrede 2001; Ministarstvo turizma i životne sredine 2008; MONSTAT 2012) 1 and data from individual businesses served as the background for developing them, along with statistical extrapolations of the trends of relevant indicators. Time series of the available data in Montenegro is not sufficiently long to enable reliable conclusions concerning the development of specific indicators. Instead of complex calculations, extrapolated data is compared, wherever possible, with the data from reference scenarios (e.g. for energy) or with the outcomes of other development paths that may be expected to materialize if the currently existing development documents of the EU and Montenegro are implemented.
The scenarios are not intended to precisely forecast the future of resource efficiency in MNE. Instead, their purpose is to roughly assess possible options and to illustrate the outcomes of different policy choices related to the use of specific resources, identify challenges and enable comparison with EU trends. Based on this the scenarios may serve as the basis to propose specific targets and measures to achieve greater resource efficiency in the country. In preparing scenarios, attention was focused on resource productivity, measured by the GDP/DMC ratio, as it is both a composite indicator for economic efficiency and a lead indicator of the EU Roadmap. This paper is organized as follows. Section 2 describes composition and calculation of DMC for Montenegro. Also, the decoupling of the impact of economic growth from the use of resources will be conducted on the one side, and the existence of the inverse impact of economic growth on environmental degradation, on the other sid.
Section 3 represents comparison of future scenarios. According to the available input data, we created 5 possible scenarios, for the 2005-2012 period. This period was characterized by significant changes in intensity of trend in economic activities in Montenegro -the investment boom (2005) (2006) (2007) (2008) followed by an abnormal economic decline caused by the impact of the global economic crisis (2009) (2010) (2011) (2012) .
Section 4 concludes and proposes the best scenario for resource efficiency in Montenegro.
DOMESTIC MATERIAL CONSUMPTION (DMC) IN MONTENEGRO -COMPOSITION AND CALCULATION
Cost-effective and efficient use of natural resources is the key to any sustainable development strategy. Sustainability is directly influenced by the way in which economic activity in a country is organized and by its strategic orientation, sector policies and, ultimately, awareness of the need for sustainable natural resource management. It is very important to focus efforts on decoupling the impact of economic growth from the use of resources on the one hand, and on the existence of the inverse impact of economic growth on environmental degradation on the other. (Crnogorska akademija  nauka i umjetnosti 2010) EUROSTAT developed the Economy-Wide Material Flow Accounts (EW-MFA) (Ministarstvo ekonomije 2010) as a harmonized accounting tool for material inputs, stock and outputs of the socio-economic system. It refers to solid, liquid and gaseous materials, excluding water and air; while material flows are presented in this system in physical units of measurement (mainly tonnes). MFA follows the logic of the System of National Accounts (SNA) and is compiled based on official statistics, depending on the relevant material category.
The productivity of natural resources within the national economy can be determined using the aggregate Domestic Material Consumption indicator (Domestic Material Consumption, DMC), in absolute and relative terms. GDP divided by absolute DMC shows the value of the resource productivity indicator (Resource Productivity, RP). Resource Productivity -RP has been selected as the lead indicator out of a set of indicators measuring resource efficiency (Eurostat 2010) It is therefore very important to monitor in regular statistical reports the DMC and RP levels and tendencies, both within the national economy and in comparisons (between sectors and/or countries).
Economy-Wide Material Flow Accounts methodology for DMC calculation
The assessment of material flows in Montenegro was conducted following two main objectives: § To provide a rough estimate of the DMC and of the lead RP indicator, as the GDP/DMC ratio (€/t), identify their trends over time and assess the productivity of the use of natural resources in Montenegro on the basis of the available data. § To promote, in line with the conditions in Montenegro, the usage of such indicators for informing policy making on the long-term strategies of sustainable human development in the future processes.
The materials that provide inputs for DMC calculation fall into four categories (European Commission 2011d; 2011f; 2012a; 2012b; 2013b ; Ministry of economy 2011; Ministarstvo finansija 2013; Ministarstvo održivog razvoja i turizma 2010): § Biomass -as a group of materials, it includes all the plant-based raw materials derived from nature: all agricultural products and all crop residues, such as straw, hay, biomass for livestock grazing and wood. In the EW-MFA, animal products of domestic agriculture (meat, milk, eggs and farmed fish) are considered to be internal flows within a society, thus not directly derived from nature, since the resource basis (fodder) has already been taken into account once. Contrary to this, animal products originating from hunting and fishing are taken into account as domestic extraction from nature. This group does not include fossil fuels derived from biomass. § Fossil fuels -are minerals generated by plant and animal decomposition in the Earth crust over millions of years and are primarily used to produce energy. § Metals -include mineral materials in a range from ores to the produced metals. Ores are considered to be minerals from which it is possible to extract metals and generate economic benefit. § Non-metallic minerals -are a group of materials which includes construction minerals (e.g. sand and gravel) and industrial minerals (phosphates, salt, etc.) . § Exports and imports of material -unlike Domestic Material Extraction, these are calculated by taking into account not only international trade in raw materials, but also products during different stages of processing, such as semi-finished and finished products.
According to EUROSTAT, the indicator Domestic Material Consumption (DMC) is expressed in tonnes per capita (t/per capita). It is defined as the total quantity of the material directly used in the economy and equals Direct Material Inputs (DMI) minus exports (E). The DMI measures direct material inputs into the national economy and equals domestic extraction (DE) plus imports (I). The per-capita calculation uses the population mean (arithmetic mean for the population on 1 st January for two consecutive years). The theory of national material flow accounts includes a compilation of all the material inputs in the national economy, changes in the stock of materials in the economy and material outputs directed towards other economies or towards the natural environment. It is worth noting that the term "consumption" in the context of DMC means consumption in the literal sense, rather than final consumption.
Resource Productivity (RP) has been selected as the lead indicator out of a set of indicators measuring resource efficiency. It assesses progress in achieving the objectives and targets set in the Europe 2020 strategy, the key initiative on resource efficiency. When examining the RP trend over time within a single geographical zone, GDP should be expressed in chain-linked Euros against the reference year (2000 or 2005), using the exchange rate from 2000 or 2005, respectively. In case of comparing the RPs of several countries in a single time interval, GDP should be used according to the purchase power parity standards 2 . The assessment of DMC and RP for Montenegro was constrained by a number of factors, namely: § The period observed (2005) (2006) (2007) (2008) (2009) (2010) (2011) (2012) is primarily restricted by the length of available time series on domestic extraction, imports and exports of natural resources in Montenegro. This particularly refers to the records on imports and exports in physical units of measurement and to certain categories of biomass, fossil fuels, metals and non-metallic minerals. § The period 2005-2012 is characterized by a significant change in trends and the intensity of economic activity in Montenegro caused by the global economic crisis of 2008. The period preceding 2008 did not include ordinary development trends, but was marked by an investment boom and an overheating of the national economy which was not recorded as a global trend, but as a specificity of the transition of the Montenegrin economy. § Small economies, such as the Montenegrin one, are more vulnerable to external shocks and that is why extrapolation of the economic development trend in a "rollercoaster" scenario is largely unreliable. § Due to the lack of an adequate system of material flow accounts in the national statistics, it was impossible to obtain complete time series on material flows in the national economy. This had an impact on the scope of data, length of the available time series and the DMC and RP results inevitably leading to an underestimation of the real DMC value, in both total and percapita terms and consequently to an overrating of the RP value for Montenegro. § Given the above, only a simulation of DMC and RP calculation was carried out for
Montenegro for the period 2005-2012, for the purpose of identifying their trends based on the available sample from certain categories of materials. The calculated data does not reflect the actual levels of the DMC and RP for Montenegro and they should not be used as final values.
According to the available data on material flows in 2012, total material extraction (DE) in the areas of agriculture, mining and forestry in Montenegro amounted to around 2.4 million tonnes. Extraction of fossil fuels (coal) accounted for the majority of this amount -75.6%, followed by nonmetallic minerals (industrial and construction minerals) -15.1%, while metals and biomass accounted for 4.8% and 4.5% of total domestic material extraction, respectively. Compared to 2005, total Domestic Material Extraction in 2012 dropped by almost a quarter (24.5%), and this drop over the eight-year period was mainly due to the 91% drop in metal extraction, followed by the 28% drop in biomass extraction and approximately 19% drop in non-metallic mineral extraction, while extraction of fossil fuels According to the available data, total imports (Austrian Federal Ministry of Agriculture, Forestry, Environment and Water Management, Austrian Federal Ministry of Economy, Family and Youth 2011) of materials to Montenegro in 2012 were 1.5 million tonnes. Out of the total imports of materials in the same year, imports of biomass accounted for almost two-thirds (62%), while imports of fossil fuels accounted for approximately 20%, imports of metal accounted for approximately 7%, and non-metallic minerals 11.5%. Compared to 2005, imports of materials in 2012 increased by 13% in total, driven by the increased imports of biomass (37%) and non-metallic minerals (13%); during the same period, imports of metal dropped by some 39% and that of fossil fuels by more than 10%. The following is the general conclusion: § imports of materials increased in the period 2005-2012, while those categories of materials whose domestic extraction was very low compared to the total extraction (biomass and nonmetallic minerals) accounted for major share of such imports; § imports of fossil fuels (oil) increased by one-fifth in the period 2005-2012. According to the available data, exports (E) of materials from Montenegro amounted to 1.2 million tonnes in 2012 (Table 1) . Out of the total exports of material during that same year, exports of biomass accounted for almost two-thirds (62%), exports of fossil fuels accounted for approximately 6%, while exports of metal and non-metallic minerals accounted for approximately 16%, respectively. Exports of material in 2012 dropped by around 46% compared to 2005. A drop was recorded in all the categories of materials in this period: the biggest one was that of non-metallic minerals (77%), followed by metals (approximately 55%), biomass 12%, and fossil fuels, approximately 11%.
The following is the general conclusion: § exports of materials almost halved between 2005 and 2012; § the share of exports of biomass in total exports equalled the share of imports of biomass out of total imports; § an enormous decline in exports of non-metallic minerals (more than two-thirds) and exports of metal (more than a half) was recorded.
DMC in Montenegro in 2012 (Table 1) The following is the general conclusion: § in DMC in Montenegro, consumption of metal accounted for somewhat above 1% in 2012, indicating that the major share of domestic extraction of metals and metal ores did not remain within the national economy, instead it was exported thus resulting in a material drain; § consumption of non-metallic minerals (industrial and construction minerals) dropped by 1.5 times in the period 2005-2012; § domestic consumption of biomass in the period 2005-2012 increased almost nine-fold. The presented values are rounded up; the presented data shows differences as a result of rounding up. The negative value for non-metallic minerals in 2005 is a consequence of the impossibility of calculating precisely the elements DE, E and I in this category of material. Domestic material consumption (DMC) = Domestic Extraction (DE) + Imports (I) − Exports (E).
Estimates of DMP and RP are indicative, and they are based on a certain number of prerequisites in cases of incomplete data, which is why they should be used only for illustration purposes.
Source: Author's calculation Table 2 . This indicator enables comparison of Domestic Material Consumption across countries.
According to the methodology, DMC per capita should be calculated as a relative indicator. However, given the insufficient reliability of the input data used for the calculation, the results presented in Table 2 should be treated with caution as indicative illustrations, and should definitely not be considered as final. The presented values are rounded up; the presented data shows differences as a result of rounding up. The negative value for non-metallic minerals in 2005 is a consequence of the impossibility of calculating precisely the elements DE, E and I in this category of material. Domestic material consumption (DMC) = Domestic Extraction (DE) + Imports (I) − Exports (E).
Estimates of DMP and RP are indicative, and they are based on a certain number of prerequisites in cases of incomplete data which is why they should be used only for illustration purposes. Estimates of DMP and RP are indicative, and they are based on a certain number of prerequisites in cases of incomplete data which is why they should be used only for illustration purposes.
Source: Author's calculation
Figure 2: Real GDP, DMC and RP trends in Montenegro 2005-2012
The figure above leads to a conclusion that there are three stages in the real GDP and DMC trends, as well as in their mutual relation (RP) which measures resource productivity: § from 2005 to 2008 there was evident high real GDP growth, and DMC follows the same pattern. All this is a consequence of the economic boom in this period, while it is also noted that there was no major decoupling in this period. The RE trend was relatively moderate in this period, steadily below 1,000 €/t; § from 2008 to 2011, annual real GDP growth rates were negative (2009) and were considerably slowed down by the global economic crisis. The level of GDP was maintained due to the service sector, while DMC experienced the rollercoaster effect, a sudden plummet after sudden growth. This GDP-DMC relationship created major decoupling; however it is not the consequence of better natural resource management in Montenegro, but of the sharp decline in material consumption, along with relatively stable GDP trends. This was the reason for the RP breaking the 1,000 €/t ceiling for the first time in 2009; § in 2011-2012, the worst-case scenario for natural resource management took place: GDP dropped, paralleled by a DMC increase (recoupling). This GDP-DMC relationship resulted in the RP declining to 1 152 €/t in 2012. If these trends continue, there is serious risk of the RP once again dropping below 1 000 €/t, which is a major step back in terms of resource productivity.
RESOURCE PRODUCTIVITY IN MONTENEGRO -COMPARATIVE ANALYSIS OF FUTURE SCENARIOS
Although some countries, such as Austria, carried out assessments of future RP scenarios in 2011, due to the effects of the global crisis since 2008 they have used only the trends from before 2008 for the baseline scenario, and not later ones (Austrian Federal Ministry of Agriculture, Forestry, Environment and Water Management, Austrian Federal Ministry of Economy, Family and Youth. 2011) However, such an approach would not be suitable for Montenegro as it experienced abnormally high economic growth rates prior to 2008 (annual real GDP growth higher than 10%) and natural resource exploitation, so that period would not be reliable when designing the baseline scenario.
As highlighted earlier, the 2005-2012 period was characterized by a significant shift in the trend and intensity of economic activity in Montenegro. The country first experienced an abnormal economic growth caused by the investment boom (2005) (2006) (2007) (2008) , which was followed by an abnormal economic decline caused by the effects of the global economic crisis (2009) (2010) (2011) (2012) . Since the extrapolation of trends in the analysis of scenarios was carried out on the basis of data for the entire period, the interpretation of scenarios raises the issue of the relevance of the input data when projecting future DMC and RP scenarios for Montenegro.
The input data used for the five scenarios is summarized in Table 4 : (15) Estimates of DMC and RP are indicative, and they are based on a certain number of prerequisites in cases of incomplete data which is why they should be used only for illustration purposes.
Source: Author's calculation Based on the projections of the input data presented in Table 4 , five scenarios have been elaborated and analysed below. (See Appendix)
Scenario 1: "Business as usual"
The first scenario assumes that the trends recorded in the period 2005-2012 will continue until 2020 and 2030, with the past trends continuing at average annual growth rates. Under this scenario real GDP is expected to grow by an average of 3.5% annually, which was the average real GDP growth rate in the period [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . During the eight-year period from 2012 to 2020, real GDP in Montenegro would increase by 28% which matches the average annual growth of 3.5%. Under this assumption the average annual DMC growth rate amounts to 2%, equalling the average annual DMC growth rate in the period 2005-2012; this results in a total DMC increase of 16% in 2020 compared to 2012, or 2% on average per year. RP increases by around 10%, at an average annual rate of 1.3%, while in 2020 it is 922 €/t, compared to the average of 835 €/t in the period 2005-2012. If these trends continue until 2030, that is eighteen years from 2012, the RP per capita will increase considerably: from 5.2 t/capita (average for 2005-2012) to 6.7 t/capita (2030).
Scenario 2: Freeze the natural resources use
This second scenario assumes that the use of resources, measured by DMC levels in both absolute and per-capita terms, remains frozen at the average level from the period 2005-2012. Constant DMC levels over the following eight-year (2020) and eighteen-year (2030) period are observed against the continued trend of real GDP as recorded in the period 2005-2012 i.e. at an average annual rate of 3.5%.
As a result of these assumptions, the RP trend is in a perfectly positive correlation with the real GDP trend: total real GDP growth until 2020 amounts to 28% (3.5% per year), while RP grows by that same value. Due to the assumed population increase, the DMC per capita drops from the average of 5.2 t/capita in 2005-2012 to 5.1 t/capita in 2020. In this scenario, the main driver of the RP increase from the average of 835 €/t in 2005-2012 to 1 069 €/t in 2020 is the real GDP growth, rather than the quality of resource management.
Comparison between results for 2030 and 2020 clearly shows that the absolute DMC remains the same, while the DMC per capita experiences a slight decline over the ten-year interval. The RP increase of 68% in 2030 is a consequence of GDP growth by that same amount.
Scenario 3: Modest resource productivity growth
If it is assumed that it is possible to ensure an average annual RP growth rate of 3% per year, that would correspond to an RP increase from 835 €/t (2005-2012) to 1 036 €/t in 2020 (a total increase of 24%), and to 1 286 €/t in 2030 (a total increase of 54%). Since both GDP and DMC are recording an increase, but DMC is rising slower, this scenario reveals a relative decoupling of the relation between economic growth and use of material resources in the country. It is interesting that there is no change in DMC per capita with the increase in population and total output of economy; eight or eighteen years later, DMC per capita would remain equal to the average recorded in the period 2005-2012 of 5.2 t per capita. Until 2020, DMC is growing at an average annual rate of 0.4%; eight years later, and this results in a total increase of 3.2%. If this trend continues until 2030, total DMC growth for the eighteen-year period would amount to only 5.8%, which means that it would grow on average by 0.3% per year.
Scenario 4: Moderate reduction in use of resources
Unlike scenario 3, this scenario takes a more intensive and more ambitious approach to the resource management. The target is set in a way that the absolute reduction in the use of resources by 2020 should amount to 20% compared to the average value in the period 2005-2012. This means that DMC will be reduced progressively by 2.5% per year, which would lead to a decline in DMC from 5. 
Scenario 5: Dramatic reduction in use of resources by 2050
This scenario sets demanding requirements in natural resource management in Montenegro. By 2050, the value of DMC per capita will be more than halved, from an average of 5.2 t/capita in the period 2005-2012 to 2.5 t/capita. In that same period, RP would grow by 9.6 times.
Comparative analysis of the five future scenarios Table 5 summarizes the expected outcomes of individual scenarios for domestic material consumption (DMC) and resource productivity (RP). Comparing them allows for the selection of a targeted scenario for Montenegro. Estimates of DMC and RP are indicative, and they are based on a certain number of prerequisites in cases of incomplete data which is why they should be used only for illustration purposes.
Judging by the data summarized in Table 5 , Scenario 4 emerges as the optimal one for a targeted scenario. First and foremost, this scenario envisages an active and ambitious natural resource management policy in Montenegro. By 2020, Montenegro would achieve an absolute reduction in the use of material resources by 20% compared to the average value recorded in the period 2005-2012. Resource productivity would grow at an average annual growth rate of 7.5% which corresponds to the average annual growth rate of 7.1% recorded in the period [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . Under this scenario resource productivity in 2020 would increase by 60% compared to the average resource productivity in the period [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . A considerable decrease is also recorded in DMC per capita which amounts to 4 t/capita in 2020.
.CONCLUDING REMARKS
The potential benefits from development of a resource-efficient economy are many. Those that are particularly relevant for Montenegro, given its current level of development, include growth and new jobs, competitiveness, improvement of the quality of life by preserving the quality of the environment and contribution to the stability of the economy. Even though detailed analysis of potential effects of implementation of certain resource efficiency polices (ex-ante analyses) are unavailable, according to the existing estimates the improvement of energy efficiency in the housing stock alone would stimulate investments, create new employment opportunities and result in significant energy savings.
From the analysis of the 5 scenarios, we derived the following conclusions: § Scenario 1: If the trends recorded in the period 2008-2012 continue, the RP in Montenegro is to increase by a total of 10% by 2020, but this is a consequence of GDP growing faster than DMC rather than better quality of resource management. If these trends do not change by 2030, due to the insignificant growth of RP over the subsequent 10 years (2020-2030) those 10 years will have been wasted from the perspective of natural resource management in Montenegro. § Scenario 2: This scenario enables us to consider consequences of the requirement not to increase the use of natural resources by 2020 and 2030 any further than the average recorded in the period [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] . RP is in a perfectly positive linear correlation with GDP. There is an absolute decoupling of economic growth from resource productivity. However, freezing the use of resources is not a good strategy for as long as resource consumption fosters country's development, especially if this generates more value and if negative environmental impacts are carefully managed i.e. if it is ensured that they do not impair considerably the ecosystem stability and resilience. § Scenario 3: Annual DMC growth rates are considerably lower than the annual real GDP growth rates, although both result in an increase in the figures concerned. This scenario suggests a relative decoupling of economic growth from the use of natural resources. This is a desirable scenario for Montenegro, which may reach relative decoupling by modernizing its economy and formulating explicit policy aimed at reducing resource intensity. This scenario also reveals that an annual average increase in RP of 3% results in rather moderate average annual changes in DMC (0.4% by 2020 and 0.3% by 2030 compared to the average in the period [2005] [2006] [2007] [2008] [2009] [2010] [2011] [2012] , which leads to the conclusion that this scenario is not based on strict and ambitious policies that would intensify the decoupling mentioned above. § Scenario 4: If Montenegro wishes to improve resource productivity and thus improve resource management the scenario with the target set in this way represents a proper framework. Reducing DMC by a tonne per capita would present an enormous challenge, though it seems more likely that this target will be achieved over an eighteen-year period (by 2030) since an average annual reduction of DMC by 1.1% would be more realistic to achieve. Therefore, scenario 3 does not represent a sufficient framework for making considerable progress in the use of resources in Montenegro; instead, it should be done in line with scenario 4. § Scenario 5: The challenge remains to compare this scenario for Montenegro with the relevant indicators of countries with long and high-quality traditions which, at this point, have already achieved considerable results in terms of efficient use of resources. This scenario is not unattainable for such countries.
According to the scenarios description and results, we conclude that scenario 4 is the optimal one to be a targeted scenario. This scenario comprises of an active and ambitious natural resource management policy in Montenegro. By 2020, Montenegro would achieve an absolute reduction in the use of material resources by 20% compared to the average value recorded in the period 2005-2012. 
